1. The effects of protein-energy malnutrition on brain free amino acids of acidic and neutral groups were investigated in experimental rats.
Kwashiorkor and marasmus are the two major clinical forms of protein-energy malnutrition among preschool children. Protein-energy malnutrition has been shown to produce profound behavioural deficiencies, both in children (Scrimshaw, 1967 ; Cravioto & De Licardie, 1968; Monckeberg, 1968) and in experimental animals (Frankova, & Barnes, 1968a,b; Levitsky & Barnes, 1970) . Although information on the biochemical changes in the central nervous system underlying such behavioural changes in protein-energy malnutrition is limited, altered metabolism of neurotransmitter substances in the brain could be one important consideration (Shoemaker & Wurtman, 1973) . Since some amino acids are either precursors of amine neurotransmitter substances (e.g. tyrosine for dopamine and norepinephrine and tryptophan for serotonin) or have neurotransmitter functions attributed to them (e.g. aspartic acid, glutamic acid, glycine, etc. (De Feudis, 1975) ), a study was undertaken to examine the sensitivity of the brain free amino acid pool to severe dietary deficiencies of protein and energy in experimental rats.
METHODS
The experimental model described by Ramanadham & Kaplay (1975) was employed to induce protein-energy malnutrition in rats. Male Wistar rats of the Institute colony were maintained on 18 % protein diet from weaning until they attained an average body-weight of 93+ 1 g. They were then divided into three groups using randomized block design. Animals of groups I and 3 were given the high-and the low-protein diets respectively ad lib., while animals of group 2 were.given restricted amounts of the high protein diet, so as to maintain body-weights similar to those of animals in group 3. The composition of diets used is given in Table 1 . The animals were fasted overnight before being killed after 7-9 weeks on their respective diets. The rats given the low protein diet were killed after the onset of oedema, which was observed 7-9 weeks after the start of the experiment. One rat from each group was killed at a given point of time, brains quickly removed, precipitated with sulphosalycylic acid and protein-free filtrates prepared according to the method described by Enwonwu & Worthington (1973). Free amino acids in the protein-free filtrates were determined in an automatic amino acid analyser using PA Beckman BA-35 resin. Table 1 .
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The results on brain weights and free amino acids are shown in Table 2 . Statistically significant decreases in brain weights were observed both in the high-protein restricted control and low protein groups when compared to the high-protein ad lib. fed group, Only the acidic and neutral amino acids were determined in the present study. The rats given the low protein diet ad lib. for 1-9 weeks showed significant decreases in their brain amino acid levels of aspartic acid (39 %), threonine (61 %) and tyrosine (37 %) when compared to rats given the high-protein diet ad lib. The levels of glutamic acid, methionine, isoleucine and leucine also tended to be lower while the levels of alanine, valine and phenylalanine tended to be higher in the brains of rats given the low-protein diet when compared to rats given the high-protein diet ad lib. However, these differences were not statistically significant. In contrast to the changes observed in the rats fed the low-protein diet, feeding restricted amounts of a high-protein diet to rats did not show any significant difference in the free amino acid composition of the brain when compared to rats given high-protein diet ad lib. However, levels of aspartic acid, glycine, threonine and alanine tended to be lower in these rats.
DISCUSSION
The results obtained in the present study indicate that protein deficiency in experimental rats affects the brain free amino acid composition by decreasing the concentrations of some amino acids like aspartic acid, threonine, tyrosine, etc., and also by increasing the concentrations of some amino acids like phenylalanine, although the changes in the latter direction were less striking. In contrast, feeding a high-protein diet in restricted amounts, so as to keep the body-weights of the rats comparable to the protein-malnourished rats, did not affect the brain free amino acid composition significantly. However, feeding rats with either a low-protein diet ad lib. or a high-protein diet in restricted amounts, results in a marked reduction in their brain weights relative to those of rats s v e n a high-protein diet ad lib., thus suggesting that both severe protein deficiency and severe energy restriction might affect the growth of the brain. Anthony & Edozien (1975) have reported changes in serum amino acids in proteinenergy malnourished rats; levels of acidic and neutral amino acids, with the exception of serine, were decreased in the serum of protein-deficient rats. However, serum amino acids might not have a direct bearing on the amino acid leveIs in tissues especially like the brain where the free amino acid profile is under strong haemostatic control (Lajtha, 1968) . Of the several amino acids reported to decrease in the serum of protein-deficient rats, in the brain tissue, only aspartic acid, threonine and tyrosine also showed a significant decrease, while glutamic acid, isoleucine and leucine showed a marginal decrease in the present study. The brain free amino acids of rats showed remarkable stability to severe restriction of energy, while Anthony & Edozien (1975) observed similar decreases in serum amino acids in both energy-restricted and protein-deficient rats. Although the reasons are not quite clear, it must be pointed out that the energy-restricted rats of Anthony & Edozien (1975) were also severely protein-malnourished (since the protein level in their diets was only 1 %), while energy-restricted rats in our experiments received a higher level of protein (18 % protein diet).
Earlier Enwonwu & Worthington (1973) reported changes in brain free amino acids in their monkey model of kwashiorkor. The changes in brain acidic amino acids of the monkey model appear to be in general agreement with our rat model of kwashiorkor, although the magnitude of the decreases are different. There were significant increases reported in brain phenylalaninz and tyrosine of protein-deficient monkeys, while in protein-deficient rats we observed a marginal increase in phenylalanine and a significant decrease in tyrosine. Whether changes in brain free amino acid profile in experimental kwashiorkor could be somewhat different in different species is speculative. Also, Badger & Tumbleson (1974) demonstrated in piglets that changes in brain amino acid concentrations could be related to other important factors such as the age of onset of proteinenergy malnutrition.
Free amino acids in the brain are important for the maintenance of cell structure and ionic balance and as precursors for neuroregulatory substances (McIlwain & Bachelard, 1971) . A decrease in brain tyrosine might result in a decrease in brain norepinephrine levels and thus affect synaptic transmission in noradrenergic neurons of the brain. Aspartic acid is known to be a neuro-excitory amino acid (De Feudis, 1975) , and therefore its
